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The ultimate fate of the universe, infinite expansion or a big crunch, can be determined by measuring the redshifts, apparent brightnesses, and intrinsic luminosities of very distant supernovae. Recent developments have provided tools that make such a program practicable: (1) Studies of relatively nearby Type Ia supernovae (SNe Ia) have shown that their intrinsic luminosities can be accurately determined 1,2,3 ; (2) New research techniques 4 have made it possible to schedule the discovery and follow-up observations of distant supernovae, producing well over 50 very distant (z = 0.3 -0.7) SNe Ia to date 5, 6, 7 . These distant supernovae provide a record of changes in the expansion rate over the past several billion years. By making precise measurements of supernovae at still greater distances, and thus extending this expansion history back far enough in time, we can even distinguish 8 the slowing caused by the gravitational attraction of the universe's mass density Ω M from the effect of a possibly inflationary pressure caused by a cosmological constant Λ. We report here the first such measurements, with our discovery of a Type Ia supernova (SN 1997ap) at z = 0.83. Measurements at the Keck II 10-m telescope make this the most distant spectroscopically confirmed supernova. Over two months of photometry of SN 1997ap with the Hubble Space Telescope and ground-based telescopes, when combined with previous measurements 2,5 of nearer SNe Ia, suggests that we may live in a low mass-density universe. Further supernovae at comparable distances are currently scheduled for ground and space-based observations. SN 1997ap was discovered by the Supernova Cosmology Project on 5 March 1997 UT, during a two-night search at the CTIO 4-m telescope that yielded 16 new supernovae. The search technique finds such sets of high-redshift supernovae on the rising part of their light curves and guarantees the date of discovery, thus allowing follow-up photometry and spectroscopy of the transient supernovae to be scheduled 4 . The supernova light curves were followed with scheduled R-, I-, and some B-band photometry at the CTIO, WIYN, ESO 3.6m, and INT telescopes, and with spectroscopy at the ESO 3.6 m and Keck II telescopes. In addition, SN 1997ap was followed with scheduled photometry on the Hubble Space Telescope (HST). Figure 1 shows the spectrum of SN 1997ap, obtained on 14 March 1997 UT with a 1.5 hour integration on the Keck II 10-m telescope. There is negligible (≤5%) host-galaxy light contaminating the supernova spectrum, as measured from the ground-and space-based images. When fit to a time series of well-measured nearby Type Ia supernova (SN Ia) spectra 9 , the spectrum of SN 1997ap is most consistent with a "normal" SN Ia at z = 0.83 observed 2 ± 2 SN-restframe days (∼4 observer's days) before the supernova's maximum light in the restframe B band. It is a poor match to the "abnormal" SNe Ia, such as the brighter SN 1991T or the fainter SN 1986G. For comparison, the spectra of low-redshift, "normal" SNe Ia are shown with wavelengths redshifted as they would appear at z = 0.83.
These spectra show the time evolution from seven days before to two days after maximum light. UT, and from the spectrum, 18 ± 3 March 1997 UT).
It is interesting to note that we could alternatively fit the 1 + z time dilation of the event, holding the stretch factor constant at s = 1.0
−0.14 , the best fit value from the spectral features obtained in ref 10 . We find that the event lasted 1 + z = 1.86
+0.31
−0.09 times longer than a nearby s = 1 supernova, providing the strongest confirmation yet of the cosmological nature of redshift 11, 12, 9 .
The best-fit peak magnitudes for SN 1997ap are I = 23.20 ± 0.07 and R = 24.10 ± 0.09.
(In this letter, all magnitudes quoted or plotted are transformed to the standard Cousins
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R and I bands.) These peak magnitudes are relatively insensitive to the details of the fit:
if the date of maximum is left unconstrained or set to the date indicated by the best-match spectrum, or if the ground-and space-based data are fit alone, the peak magnitudes still agree well within errors.
The ground-based data show no evidence of host-galaxy light, but the higher-resolution We note that the analysis will need a final measurement of any host-galaxy light after the supernova has faded, in the unlikely event that there is a very small knot of host-galaxy light directly under the HST image of SN 1997ap.
We compare the K-corrected R−I observed difference of peak magnitudes (measured at the peak of each band, not the same day) to the U−B color found for "normal" low-redshift SNe Ia. We find that the (U−B) SN1997ap = −0.28 ± 0.11 restframe color of SN 1997ap is consistent with an unreddened "normal" SN Ia color, (U−B) normal = −0.32 ± 0.12 (see ref 14 and also Nugent et al. in preparation). In this region of the sky, there is also no evidence for Galactic reddening 15 . Given the considerable projected distance from the putative host galaxy, the supernova color, and the lack of galaxy contamination in the supernova spectrum,
we proceed with an analysis under the hypothesis that the supernova suffers negligible hostgalaxy extinction, but with the following caveat: By combining such data spanning a large range of redshift, it is also possible to distinguish between the effects of mass density Ω M and cosmological constant Λ on the Hubble diagram 8 .
The blue contours of Figure 4 show the allowed confidence region on the Ω Λ (≡ Λ/(3H Our data for SN 1997ap demonstrate (1) that SNe Ia at z > 0.8 exist, (2) that they can be compared spectroscopically with nearby supernovae to determine SNe ages and luminosities and check for indications of supernova evolution, and (3) that calibrated peak magnitudes with precision better than the intrinsic dispersion of SNe Ia can be obtained at these high redshifts. The width of the confidence regions in Figure 4 and the size of the corresponding projected measurement uncertainties show that with additional SNe Ia having data of quality comparable to SN1997ap a simultaneous measurement of Ω Λ and Ω M is possible. It is important to note that this measurement is based on only one supernova at the highest (z > 0.8) redshifts, and that a larger sample size is required to find a statistical peak and identify any "outliers." In particular, SN 1997ap was discovered near the search detection threshold and thus may be drawn from the brighter tail of a distribution ("Malmquist bias").
There is similar potential bias in the lower-redshift supernovae of the Calán/Tololo survey, making it unclear which direction such a bias would change Ω M .
Several more supernovae at comparably high redshift have already been discovered by 5Å, placed within a time series of spectra of "normal" SNe Ia 17, 18, 19, 20, 21 (the spectrum of SN 1993O was provided courtesy of the Calán/Tololo Supernova Survey), as they would appear redshifted to z = 0.83. The spectra show the evolution of spectral features between 7 restframe days before and 2 days after restframe B-band maximum light. SN 1997ap matches best at 2 ± 2 days before maximum light. The symbol ⊕ indicates an atmospheric absorption line and * indicates a region affected by night sky line subtraction residuals. The redshift of z = 0.83 ± 0.005 was determined from the supernova spectrum itself, since there are no host galaxy lines detected. The two labeled corners of the plot are ruled out because they imply: (upper left corner) a "bouncing" universe with no big bang 27 , or (lower right corner) a universe younger than the oldest heavy elements, t 0 < 9.6 Gyr 28 , for any value of H 0 ≥ 50 km s −1 Mpc −1 . The two labeled corners of the plot are ruled out because they imply: (upper left corner) a "bouncing" universe with no big bang 27 , or (lower right corner) a universe younger than the oldest heavy elements, t 0 < 9.6 Gyr 28 , for any value of H 0 ≥ 50 km s −1 Mpc −1 .
